Abstract-In the operation of cutters with parallel blades, three periods may be identified: pressing of blades into the metal; cutting; and cleavage (separation). The greatest force is required around the onset of cutting. Since one of the blades is immobile, the other must pass through the whole thickness of the metal in the course of cutting. For example, if the metal thickness is 20 mm, the upper blade must travel a distance of 20 mm to complete the cutting process. In the case of two mobile blades moving in opposite directions, the cutting forces will be less. If the metal thickness is 20 mm, each blade must travel a distance of 10 mm in the complete cutting process. To simplify the design in the case of two mobile blades, they must both be powered by a single drive. The question that arises here is whether opposing motion of the blades is possible with guaranteed strength of the components transmitting the force to the blades. A kinematic cutter design with blades that move in parallel within the vertical plane is proposed. A benefit of this design is that, in opposing cutter motion, less cutting force is required. In addition, the force from each blade is distributed to two rods, with decrease in the load on each one. Since the blades move in opposite directions, the main cutting force is distributed over the components of the mechanism and transmitted to the motor. That decreases the load on the frame and the foundation in cutting. In opposing motion of the blades, cleavage of the metal occurs more rapidly. That permits concentration of the maximum force at the cut, with minimum load on the motor. The section removed from the metal does not travel under the roller at the end of cutting, and therefore no lower mobile table is required. The degree of mobility of the proposed mechanism is determined from the Chebyshev formula; its value is one. A special method is used for kinematic analysis of the blades; this method is based on the point of intersection of the connecting rods.
INTRODUCTION
Three periods may be identified in the operation of cutters with parallel blades: pressing of blades into the metal; cutting; and cleavage (separation) [1] [2] [3] [4] [5] [6] . In Fig. 1 , we show the distribution of the forces at all stages of the process [7] . As we see, the greatest force is required around the onset of cutting.
Since one of the blades is immobile, the other must pass through the whole thickness of the metal in the course of cutting. For example, if the metal thickness is 20 mm, the upper blade must travel a distance of 20 mm to complete the cutting process (Fig. 2a) . In the case of two mobile blades moving in opposite directions, the cutting forces will be less. If the metal thickness is 20 mm, each blade must travel a distance of 10 mm in the cutting process (Fig. 2b) .
In opposing motion of the blades, a different force distribution is observed (Fig. 3 ). As we see in Fig. 3 , the theoretical load at each blade is half that in the case where one blade is immobile. To simplify the design in the case of two mobile blades, they must both be powered by a single drive. The question that arises here is whether opposing motion of the blades is possible with guaranteed strength of the components transmitting the force to the blades. We propose a sliding crankshaft mechanism, with a double connecting rod [8] . The basic system is shown in Fig. 4 . Fig. 1 . Distribution of the cutting force: z is the depth of blade insertion in the metal; and h is the metal thickness.
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In Fig. 5 , we show the kinematic structure of the cutter with blades that move parallel. Blades 10 and 11 move in parallel in the vertical plane. The blades are linked by connecting rods 6-7 and 8-9, respectively, to triply hinged connecting rods 4 and 5, which are set in motion by drive crankshaft, acting through components 2 and 3.
A benefit of this design is that, in opposing cutter motion, less cutting force is required. In addition, the force from each blade is distributed to two rods, with Plane of blade contact decrease in the load on each one. Since the blades move in opposite directions, the main cutting force is distributed over the components of the mechanism and transmitted to the motor. That decreases the load on the frame and the foundation in cutting.
In opposing motion of the blades, cleavage of the metal occurs more rapidly. That permits concentration of the maximum force at the cut, with minimum load on the motor. The section removed from the metal does not travel under the roller at the end of cutting, and therefore no lower mobile table is required.
METHODS OF ANALYSIS
The mobility of the proposed mechanism may be determined from the Chebyshev formula [9] (1) where n is the number of mobile elements; and p 5 is the number of class-five kinematic pairs.
The cutter with parallel blade motion consists of 11 elements, connected in 16 class-five kinematic pairs. Correspondingly; the degree of mobility is one: W = 3 × 11 -5 × 16 = 33 -32 = 1. That guarantees specific motion of all the elements with specified motion of the crankshaft 1 (Fig. 5) .
In structural terms, the mechanism may be regarded as a driving element and three Assur structural groups: dyad 2-3 and two four-element groups 4-6-7-10 and 5-8-9-11) (Fig. 6 ).
In the design of the mechanism, the loads on all the elements and the hinges are calculated. To find the inertial forces and moments of inertia, we need to know the velocity and acceleration of all the characteristic points in the mechanism. To that end, we use kinematic analysis similar to that employed in [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
In kinematic analysis of a cutter with parallel blades, the problem is the presence of three-pair elements. In the theoretical literature, the velocity of three-pair elements is found by means of virtual velocity diagrams. Such analysis is difficult.
A special method may be used for kinematic analysis of the blades [20] . This method proves that a plane 5 3 5 , W n p = − four-element Assur group with a closed contour is kinematically solvable by a graphical analysis. This approach relies on the following theorem: if, in a plane hinged kinematic chain, the Assur points of two independent elements (that is, elements with no common kinematic pairs) coincide at the point δ, the velocity (acceleration) of this point may be found from the known or specified velocity (acceleration) of individual points of the independent elements.
To find the velocities of points F and K, the first step is to determine the velocities of points L and M. Since the blade moves over some trajectory, all of its points have the same velocity, and
When the blade moves, connecting rods may have some common points in space (points δ 1 and δ 2 of intersection of the connecting rods), which travel over some path. The velocity of point δ 1 is equal to the velocities of points L and M = v L = v M ), while the velocity of point δ 2 is equal to the velocities of points T and
With known velocity of point D (v D ), we may find the velocity of point δ 1 . 
11
T U CALCULATIONS Kinematic analysis of the cutter with parallel blades proceeds as follows for the example of construction of the velocity diagram [20] .
The velocity of point B of the crankshaft is (2) where ω is the angular velocity of the element, s -1 ; and l is the length of the element, mm. We establish the point regarded as the pole of the velocity diagram: point p. From the pole, we construct the vector pb corresponding to the velocity of point B.
The velocity of point C of connecting rod BC (element 2) is found from the vector equation (3) where ; = 0; and . In accordance with the given system of equations, we construct the line from point b and the line from pole p. Point c lies at the intersection of those lines.
The velocity of point E is determined on the basis of similarity. The form of the figure defined by the relative-velocity vectors of the points belonging to a single element in the velocity diagram is similar to the figure corresponding to the element in the mechanism and is also similarly positioned On the continuation of straight line pc, we identify segment pe, which is the velocity vector of point E. The velocity of point D is equal to that of point E, but tuns in the opposite direction from pole p (v D = v E ).
With known velocity v D of point D, we may find the velocity of point δ 1 . Connecting point D to point δ 1 by a straight line, we write the velocity of point δ 1 in the form (6) where and || O 1 O 2 (Fig. 7a) . In the velocity diagram, a vertical line (parallel to O 1 O 2 ) is constructed from the pole, while a straight line perpendicular to line δ 1 D is constructed from point d. We determine point δ 1 as the intersection of those lines.
From the known velocity v E of point E, we may find the velocity of point δ 2 .
, ,
We connect point E to point δ 2 by means of a straight line. The velocity of point δ 2 will be (7) where and
In the velocity diagram, a vertical line (parallel to O 1 O 2 ) is constructed from the pole, while a straight line perpendicular to line δ 2 E is constructed from 2 2 2 , , point e. We determine point δ 2 as the intersection of those lines.
After determining the velocity , we find the velocity of points F and K of the three-pair hinge DFK from the equations (8) (9) where and , , and .
In the velocity diagram, we construct a line perpendicular to element FD from point d; and a line perpendicular to Fδ 1 from point δ 1 . At the intersection of these lines, we find point f.
To determine point k, analogously, we construct a line perpendicular to element KD from point d; and a line perpendicular to Kδ 1 from point δ 1 . At the intersection of these lines, we find point k.
The velocities of points Q and R of the three-pair element EQR are found from the equations (10) (11) where , , , and .
To determine point q, we construct a line perpendicular to element QE from point e; and a line perpendicular to Qδ 2 from point δ 2 . At the intersection of these lines, we find point q.
To determine point r, analogously, we construct a line perpendicular to element RE from point e; and a line perpendicular to Rδ 2 from point δ 2 . At the intersection of these lines, we find point r.
The angular velocities of the elements are found from the formulas The formulation of the acceleration diagram begins with point π, from which the acceleration vector of point B is constructed. Its magnitude is (12) Since the element O 1 B rotates at constant angular velocity (ω 1 = const), the angular acceleration is zero:
The acceleration of point C is determined from the equations (13) The normal components of the acceleration are determined from the formulas (14) The normal acceleration of elements CB and CO 2 is determined from the equations (15) 2 2 , ,
; ; ; ;
. The acceleration of point E is determined from the similarity condition (16) Hence, πe = πc .
On the continuation of straight line πc, we identify segment πe, which is the acceleration vector of point E.
The acceleration of point D is equal in magnitude to that of point E, but is in the opposite direction from pole π: a D = a E .
Analogously to the method used in determining the velocity of points K, F, and δ 1 , we find their acceleration Fig. 7a and the acceleration diagram in Fig. 7b .
CONCLUSIONS
On the basis of the results, we may say that complete kinematic analysis of the given cutter with parallel blades is possible. In other words, the forces in the system may be identified. 
